A field experiment was carried out in the Experimental Research Station at Nubaria, ARC representing newly reclaimed areas during two successive seasons of 2005/06 and 2006/07 to evaluate 16 barley (Hordeum vulgare L.) genotypes grown under water stress and calcareous soil conditions. The evaluation included yield and its components, growth attributes, earliness and kernel protein content. A randomized complete block design was used with three replications. Only two irrigations, i.e. at sowing and heading were applied to expose plants to water stress. Results showed that there are significant differences among the 16 barley genotypes for most of the characteristics.
Introduction
Barley (Hordeum vulgare L.) is the main crop grown in a large scale in the North Coastal Region of Egypt and also in the newly reclaimed lands with saline soils and shortage of fresh water. It is mainly used for animal forages and recently it is used as human food because of its nutritional and healthy values in most countries using hull-less barley. Barley area in the Nile Valley of Egypt has been gradually declined, especially at locations where soil and irrigation is feasible and can be grown with other strategic crops such as wheat. On the other hand, barley production area increased in the new reclaimed lands under different irrigation systems. The total harvested area was 57,000 ha in the eighties, while it became 135,000 ha in 2008/09. Barley yields have tended to increase gradually over the past three decades from 2.92 t ha -1 in the eighties to 3.63 t ha -1 in 2008/09.
Yield and Yield Components
Ten individual plants were chosen at harvest time as random from the middle of each plot to estimate:
Number of grains spike -1 : was obtained as number of grains of ten random spikes from each plot at harvest.
Spike weight (g): was expressed as average of ten spikes weight from each plot.
1000-kernel weight (g):
was estimated as the weight of 1000 cleaned kernels in gram for each plot.
Number of spikes m -2 :
The number of spikes was taken from 1/4 m 2 , randomly inside each plot, then it was transformed into spikes /square meter.
Biological yield: the total biomass of the harvested plants (Kg plot -1 ), then it was transformed into t acre -1
Straw yield (t acre -1 ): After threshing, the yield of straw was calculated from (biological yield-grain yield) for each plot in Kg, and then it was transformed into t acre -1 .
Harvest index: As usual, harvest index (H.I.) calculation in this investigation was as follows:
Grain yield (Kg acre -1 )
H.I. = [ -----------------------------------] x 100
Biological yield (Kg acre -1 )
Grain yield (t acre -1 ): was obtained as the weight of clean grains of the plot after threshing, and then it was transformed into t acre -1.
Grain Protein Percent
Total nitrogen was measured from samples taken from each experimental unit grain yields using the method adopted by Kjeldahl, as described by Egan et al. (1981) . Protein percent was calculated as N 2 x 6.24 (constant converter factor)
Statistical analysis
Data collected from the two seasons were statistically analyzed as a Randomized Complete Block Design (RCBD) using analysis of variance (ANOVA) for each season and over all the two seasons as a combined analysis. The means of genotypes and cultivars included in this trial compared using fisher test run by Least Significant Difference (L.S.D.) at (P ≤ 0.05) according to Steel and Torri (1982) . All Statistical analyses were performed using the Statistical Analysis System (SAS, Ver. 6.1).
Results and Analysis

Vegetative Growth and Earliness
Regarding vegetative growth and yield components, El-Hindi et al (1998) in Egypt found that Giza 124 barley cultivar surpassed other barley cultivars in the plant height, number of spikes m -2 , weight of grains spike -1 , grain weight and grain yield per acre. Ghasemi (2001) studied multiple regression on nine (five 6-rowed and four 2-rowed) barley cultivars to identify the most effective characters and the contribution of these characters to grain yield. The multiple regression method revealed 12 characters contributing a total of 81.8% of grain yield variance. Harvest index and 1000-grain weight together shared contributed 65.1% of grain yield variance, with harvest index being the most important. The 12 characters together contributed 93.1% of the variance in the 1000-grain weight. Grain yield and flag leaf area, which had a close correlation with the 1000-grain weight, contributed 85.5% of the variance in the 1000-grain weight. The most important yield component was the 1000-grain weight followed by harvest index.
Days to Heading (DH)
Data of the appearance of 50% of spikes presented in Table 3 show significant differences for this characteristic among barley genotype during the two seasons. Results in Table 15 show the means of DH of the 16 barley genotypes under study for the two seasons. The results showed that genotype no. 13 was the earliest in the first and second season (72.7 and 78.3 days), respectively. In addition, this genotype was the earlier across the two seasons having an average of 75.5 days. On the other hand, the latest genotypes was no.12 (96 days) in the first season, while genotype no. 4 and Giza 123 were the latest ones in the second season having (91 days) for each. In addition, genotypes no. 12 and 4 headed later over the two seasons (92.3 and 91.8 days), respectively. Those results are in agreement with those from Li, C.D. et al. (1991) , El-Sayed et al. (1995) , Asaad et al. (1998), and Afifi (1999) . Data in Table 4 show clearly that there were no significant differences between the two seasons (S) for days to heading as well as seasons x genotypes (SxG) interaction. These results were similar to those obtained by Jackson et al. (1994) , Kosowska (1995) , Oscarsson et al. (1998) and Afiah et al. (1999) .
Plant Height
Plant height of the 16 barley genotypes showed significant differences among the genotypes under study. Data in Table 3 show high significant differences in the first season as well as over the two seasons. Table 15 shows the mean of plant height of the 16 studied genotypes for the two growing seasons and its average. Means of this trait clearly indicated that the check barley cultivar no. 3 (Giza 2000) was the tallest in each individual season and overall the two seasons recording 115.7, 113.3 and 114.5 cm, respectively. On the other hand, the shortest genotypes were recorded by genotypes no. 11 and 8 in the first season (86.0 and 86.7 cm), respectively, while the shortest one was genotype no. 9 in the second season (86.7 cm). However, genotype no. 11 was the shortest one overall the two seasons with an average of 90.5 cm. The significant differences in plant height among barley genotypes might be attributed to the differences in their genetically constitution. These results are in agreement with those of Singh (1989) , Li, C.D. et al. (1991) , El-Hindi et al. (1998) , Assad et al. (1998 ), Afifi (1999 , and Afiah and Moselhy (2001) . Significant interaction (GxS) between the two seasons (S) and Genotypes (G) for plant height was detected (Table 4) . These results are in harmony with those of Jackson et al. (1994) , Oscarsson et al. (1998) , Afiah et al. (1999) and Afiah and Moselhey (2001) .
Leaf Area Index (LAI)
Concerning leaf area index (LAI) and soil-plant analysis development (SPAD) of spring barley varieties, Jaskiewicz (2008) found that barley cultivars requiring low plant densities grown under increasing plant-to-plant distance recorded lower LAI and higher SPAD value compared to cultivars which required high plant densities. Also Sammis et al. (1986) measured leaf area index (LAI) of spring barley (Hordeum vulgare L.), to predict (LAI) under soil moisture stress and non-soil-moisture-stress conditions, reported that LAI was linearly related to cumulative evapotranspiration up to maximum LAI. Barley cultivars Cr.366, Giza 124 and Giza 123 were recognized with their higher values of water use efficiency.
In the present study, leaf area index of each genotype was estimated and data were analyzed and tabulated in Tables 5&6. The data showed high significant differences among genotypes in LAI in the two seasons. Data in Table 15 indicate that the highest indices of leaf area were obtained from genotype no. 13 over the two seasons (3.2) as an average. In addition, it gave the highest LAI in the second season (3.1). Cultivar no.2 gave the second highest LAI over the two seasons (3.2). It also had the highest index in the first season (3.6). On the other hand, the lowest LAI was found with genotype no. 16 (2.2) in the first season and over the two seasons (2.21). Differences among the 16 barley genotypes in LAI was observed and was similar to the findings of Spunarova and Zenisceva (1985) , Gontia and Khare (1992) and Hradecka (1994) . The previous results explain the significant seasonal (S) effect shown in (Table 6 ) reflecting a lower average value of LAI in the second season (2.4) compared with the first season, which averaged (2.8) (Table 15 ). Table 6 also shows the highly significant effect of genotype x season (G x S), which also explains how the LAI did not follow the same trend in both seasons due to the significant interaction and significant effect of environment on this characteristic. In this regard, Jamieson et al. (1994) revealed that drought stress reduced biomass yield through the effects on radiation interception by reducing LAI and radiation use efficiency. The relative influences depended on the timing of stress (Mansour, 1992) .
Yield and Yield Components
Number of Grains Spike -1
Data of number of grains spike -1 (Table 6 ) show significant differences among the barley genotypes and their performance over the two seasons as well as in the second season. Table 16 elucidates that the average value of number of grains spike -1 was not significantly affected by genotypes in the first season, although there was some obvious trends. Genotype no. 16 gave an average of 63 grains spike -1 followed by genotypes no. 4, 15 and 11, with values of 62.2, 61.6 and 61.2, respectively. However, significant differences among barley genotypes were shown in the second season where genotype no. 12 gave the highest number of grains spike -1 (60.5) followed by genotype no. 15 (59.1). With regard to the average of the two seasons, data in Table 16 revealed that genotype no.15 produced the highest no. of grains spike -1 (60.4), followed by genotype no. 12 (59.5). On the other hand, the lowest no. of grains per spike was obtained by genotype no. 10 in the first season (47.5), while the commercial cultivar no. 3 and genotype no. 6 gave the lowest ones in the second season (37.4 and 42.4 grains spike -1 ), respectively. Generally, the lowest genotypes over the two seasons with regard to number of grains spike -1 were genotypes no. 6 (48.5) and cultivar no. 3 which gave only (48.7) grains spike -1 . These results were in agreement with those obtained by Singh (1989) , Hradecka (1994) , and Afifi (1999).
The combined analysis (Table 6 ) showed significant effect of the interaction between seasons (S) and environment (GxS) for the number of grains spike -1 in the second season with an average of about (49.6 grains spike -1 ) in the second season compared with that obtained from the first season (57 grains spike -1 ) (Table 16 ).
Spike Weight (g)
Data on spike weight presented in (Tables 7&8) show remarkable differences among barley genotypes either in single or in combined analysis of variance. Means of spike weights presented in Table 16 indicate that the heaviest spikes were shown by cultivar no. 3 (3.9 g) in the first season followed by 3.8 g for genotype no. 9 in the second season. However, genotypes no. 12, 15 and 13 recorded the highest values (3.7, 3.5 and 3.4 g), respectively. As an average of the two seasons, genotype no.12 was the heaviest in spike weight (3.7 g) followed by genotype no. 13 (3.5 g). On the other hand, the lightest spikes were obtained form cultivar no.2 (2.5 g) in the first season followed by genotype no. 5 (2.6 g), while in the second season the lowest genotypes in this characteristic were no. 11 and 14 having 2.4 g for each, respectively, whereas over the two seasons, the lightest spikes were recorded by genotypes no. 11 and 14 having an average weight of 2.6 g for each. In this respect, these results agreed with those obtained by Weston et al. (1993) , El-Hindi et al. (1998), and Afifi (1999) . It was revealed that there was significant seasonal effect (S), which was evidenced by the high values of spike weights in the first season, with an average of 3.2 g compared with 3 g for the second season (Table 16 ).
1000-kernel Weight
Data in Tables 7&8 show that there were high significant differences among genotypes in both growing seasons and over the two seasons for 1000-kernel weight. It was clear that cultivar no. 3 gave the heaviest 1000-kernel weight either in single or in combined analysis with about 52.3 and 61.5 g in the first and second seasons, respectively followed by genotype no. 9, which gave 44.1 g in the first season and 60.0 g in the second season with an average of 52.0 g over the two seasons. Concerning the combined analysis, the lightest weights were observed by genotypes no. 10 and 12, which gave 39.6 and 42.0 g, respectively over the two seasons. The significant differences in 1000-kernels of barley should be attributed to the differences in grain filling period and dry matter accumulation in grains. These results are in agreement with those reported by Weston et al. (1993) , Hradecka (1994) , El-Sayed et al. (1995) , El-Hindi el al. (1998), and Afifi (1999) . It was clearly observed that the average weights of barley 1000-kernel were generally lighter in the first season compared to the second season (40.8 and 50.4 g), respectively (Table 17 ). This variation might have been affected by the seasonal conditions which was significantly different in favor of the second season (Table 8 ). The significant differences between seasons and the GxS inter action was similar to results reported by Oscarsson et al. (1998) .
Number of Spikes m -2
Data in Table 9 show that the variation among genotypes for the number of spikes per square meter characteristic was significant only in the first season and also when two seasons were analyzed together in the combined analysis (Table 10 ). The means of the genotypes given in Table 16 show that both genotypes no.11 and 15 gave the highest number of spikes m -2 in the first season (366 spikes for each), followed by cultivar no.1 (358 spikes m -2 ). In the second season, there was different trend, with 253 spikes for genotype no. 14 followed by 252 spikes for both genotypes no. 7 and no. 10. The average of the two seasons restricted the superiority towards cultivar no.1 (299 spikes m -2 ) in addition to genotypes no. 14, 7, 10 and 15, which gave 298, 294, 294 and 289 spikes m -2 , respectively. On the other hand, the lowest number of spikes m -2 was obtained from genotypes no. 13 and 8 with 272 and 255 spikes m -2 , respectively. The differences among genotypes' ability to produce a suitable number of tillers or tillers containing spikes might be attributed to its genetical constitutions, which is supported by the results reported by Singh (1989) , Hradecka (1994), and El-Hindi et al. (1998) . The combined analysis revealed that the first season significantly out yielded the second season in this characteristic, whereas GxS interaction was not significant (Tables 10&16), which show that the average number of spikes m -2 was 325 in the first season compared to 226 in the second season.
Biological Yield
The analyses of variance for the biological yield (biomass) in t acre -1 for the two successive seasons are shown in Tables 9&10. The differences among genotypes were highly significant over the two seasons as well as in the first season. Genotype no.13 gave the highest biological yield in both seasons (8.2 and 6.2 t acre -1 ), respectively, with an average of 7.2 t acre -1 over the two seasons (Table 17) . Moreover, genotype no. 4 was ranked second with about 7.96 and 4.88 t acre -1 in the two successive seasons, respectively having an average of 6.42 t acre -1 . These results are similar to those obtained by Asaad et al. (1998) and Noaman et al. (1997) . Data in Table 10 show that the two seasons and the (GxS) interaction were significantly different concerning this trait under Nubaria conditions. Generally, the first season was more suitable to reach a good biological yield with about 6.3 and 4.1 t acre -1 in the two successive seasons, respectively (Table 17 ). The higher biological yield produced in the favorable conditions of the first season was supported by the results obtained by Jamieson et al (1994) , Oscarsson et al. (1998) and Oboda et al. (2000) .
Straw Yield
Straw yield values of barley genotypes are shown in Table 18 . It is obvious from this table that differences among barley genotypes were highly significant over the two seasons (Tables 11&12). Results showed that the behavior of the genotypes concerning this trait was parallel with those results obtained from the biological yield. This observation agreed with that recorded by Noaman et al. (1997) , Assad et al. (1998), and Afifi (1999) . It seems clearly that genotype no. 13 gave the highest significant weight of straw yield, recording 6.0 and 4.8 t acre -1 for the two successive seasons, respectively with an average of 5.4 t acre -1 . However genotype no. 4 became second with about 5.7 and 3.7 for the two successive seasons, respectively with an average of 4.7 t acre -1 . The seasonal effect was significant for this trait following similar trend as was shown in the previous trait (biological yield). Generally, the first season gave the highest straw yields compared to the second season. The two successive seasons gave, on the average, 4.5 and 3.1 t acre -1 , respectively (Table 18 ). The difference between seasons concerning straw yield was also affected by the favorable conditions present in the first season.
Harvest Index (HI)
Harvest Index values as a relation between grain yield and biological yield are presented in Table 18 . Results showed that the differences among the barley genotypes under this study were highly significant when the data of the two seasons were combined and analyzed together in a combined analysis (Tables 11&12). Means of harvest indices shown in Table 18 indicate that genotype no.10 had the highest (HI) in the first season (33.0%), where it ranked second in the second season (27.3%) as well as over the two seasons (30.1%). However, genotype no. 15 gave the highest (HI) in the second season (36.1%) as well as over the two seasons (31.7%), while cultivar no.1 ranked second in the first season (32.4%). On the other hand, the lowest harvest index was recorded by genotype no. 2, which is a check cultivar (Giza 126) -over the two seasons (23.8%), and also in the second season (18.8%). The variation among genotypes depends on the ability of genotype to transfer the dry matter accumulation towards grains. The results presented here were in agreement with those of Gouis (1992), Ellen (1993), and Assad et al. (1998) . Concerning the seasonal effect, the data in Table 18 show that there were highly significant differences between the two seasons as well as in the (GxS) interaction. The harvest indices tended to be higher in the first season than in the second one with values of 29.4% and 24.5% in the first and second seasons, respectively (Table 12) , which indicates that there was either higher grain yield or lower straw yield or both directions in the first season.
Grain Yield
Regarding grain yield and its response to drought stress, the Egyptian barley cultivar, Giza 125 out yielded the long-time check cultivar; Giza 123 in grain yield by about 25% with an average grain yield of 1110 Kg ha -1 under rainfed conditions of < 150 mm (Noaman et al., 1995 a). They also reported that the new drought-tolerant cultivar; Giza 126 has wider adaptability than Giza 125 cultivar under different levels of drought stress in rainfed areas, and more stable in performance and has greater tolerance to high stress environment compared with Giza 125 cultivar (Noaman et al. (1995 b) . Noaman et al. (1997) found that the new drought-tolerant cultivar Giza 126 proved to be superior for grain yield, biological yield and straw yield compared to the other genotypes in their study, and exhibited wide adaptability across different environments under rainfed conditions. In general, high grain yielding genotypes gave high biomass and straw yields.
In the present study, significant differences for grain yield among barley genotypes were detected in and over the two seasons (Table 17 ) and (Tables 13&14). Results showed that in the first season, the superiority was achieved by genotype no. 11, which gave 2.26 t acre -1 followed by no. 4, 9, 13, 12 and 7, which respectively had 2.22, 2.21, 2.19, 2.17 and 2.13 t acre -1 with significant increase over the three national checks. Moreover, results of the second season revealed that genotype no. 13, which was ranked fourth in the first season exceeded all other genotypes with an average grain yield of 1.36 t acre -1 , while genotype no. 11, which occupied the first ranking in the first season, became third with an average grain yield of 1.32 t acre -1 , followed by no. 4 and no. 12 (second and fifth in the first season) with an average of 1.19 and 1.18 t acre -1 , respectively. It was concluded that genotypes no. 11, 13, 4, and 12, appeared in both seasons in the top four barley genotypes in regards to grain yield which was confirmed by the combined analysis over the two seasons. It was clear that genotype no. 11 had the highest grain yield over the two seasons (1.79 t acre -1 ) followed by genotype no. 13 (1.78 t acre -1 ), while genotype no's. 4 and 12 were ranked 3 rd and 4 th with average grain yields of 1.70 and 1.67 t acre -1 , respectively (Table 17) . On the other hand, the check barley cultivars (no's. 1, 2 and 3) exhibited lower yields compared to those above-mentioned four barley genotypes significantly in both seasons. Moreover, three barley genotypes, i.e., no's. 5, 6 and 16 either in each season individually or across the two seasons out yielded those three checks. Genotype no.11 which occupied the first ranking in grain yield had the shortest plants which agree with those results reported by Dwyer et al. (2001) . The second one was genotype no.13 (1.78 t. acre -1 ) gave the highest LAI, which agrees with those results by Dwyer et al. (2001) , while it disagreed with those reported by Gouis (1992) . This genotype besides genotype no.4 (1.7 t. acre -1 ) gave the highest biological and straw yields, respectively. These results were in agreement with those of Noaman et al. (1997) , Afiah and Moselhey (2001), and Assad et al. (1998) . The seasonal effect on grain yield was clearly obvious as it is shown in Tables 14 and 17. The results declared that the first season was significantly higher in grain yield recording about 1.8 t acre -1 compared to 1.0 t acre -1 in the second season. This could be due to some differences in the rain fall pattern with higher amount of rain occurred during the growing season of the first season, which had positive effect on grain yield and also on biological and straw yields. This variation between the seasons concerning grain yield is confirmed by number of literatures, i.e., Jackson et al. (1994) , Noaman et al. (1997) and Dwyer et al. (2001) .
Grain Protein Percent
Protein percent of barley grains was measured in the 16 barley genotypes. Results shown in Table 13 reveal significant differences among all barley genotypes across the two seasons in addition to the second season, where the highest percent protein was detected for genotype no. 10 (16.1%) followed by no. 5 (14%) ( Table 18) . On the average, genotype no. 10 had the highest percent of protein recording 12.4% across the two seasons. On the other hand, the lowest protein% was observed in genotype no. 15 with an average of 8.4% over the two seasons. The differences observed in grain protein among the present genotypes are in agreement with those obtained by Spoor and Simonds (1993) who revealed that there was a negative correlation between grain yield and its protein content. Table 14 shows that there was a significant seasonal effect and (GxS) interaction concerning protein%. On the average, data in Table 18 indicate that protein% in barley grains ranged between 8.3% and 11.8% in the first and second season, respectively. In this respect, this result was in agreement with that of Pecio et al. (2005) .
Conclusion
It could be concluded that there was an interaction between genotypes and environment as was expected for grain protein trait with genotype no. 10 (80-5145/Hma-01/3/Arar/19-3//W12291) having the highest protein percentage overall cultivars and environments. It is one of ICARDA's promising lines, which was tested in Barley Research Department for more than 3 years in micro-and macro-yield trials. It was concluded from this investigation that there were four barley genotypes including genotypes no. 11, 13, 4, and 12 out yielded the three check cultivars in grain and biological yield significantly. They also have some other advantages such as earliness, harvest index, leaf area index, and higher protein content. It is suggested that those four genotypes could have more genetic stability studies to be grown in such calcareous soils. *, ** Significant at 0.05 and 0.01 level of probability, respectively. NS = Not significant at 0.05 level of probability. *, ** Significant at 0.05 and 0.01 level of probability, respectively. NS = Not significant at 0.05 level of probability. *, ** Significant at 0.05 and 0.01 level of probability, respectively. NS = Not significant at 0.05 level of probability. Means followed by the same letter within each column are not significantly different at 0.05 level of probability, according to LSD 0.05. 
